Introduction
From an economic point of view air traffic can be one of the more profitable business activities of each country. The organization and implementation of air traffic is complex process, which includes the need for continuous improvement (Menon, Sweriduk & Bilimoria, 2004; Chen, Chen & Sun, 2017; Menon & Park, 2016; Steiner, Mihetec & Božičević, 2010; Durso & Manning, 2008; Abbass, Tang, Amin, Ellejmi & Kirby, 2014) . But, the issue of improving the protection of air traffic from aircraft threats has become particularly important since 9/11 (Petrović, Kankaraš & Cvetković, 2015) .
There are many approaches to address air traffic protection issues. The basic way is in the existence of duty-aircrafts (it is essentially a fighter aircraft that provide a rapid reaction in the case of airspace violation and other situations of violation of air traffic safety).
Some of small countries (in quantitative and qualitative terms) give another countries the jurisdiction for the conducting of this mission. In the case study of the Republic of Serbia, which is a synonym for the small country, it can be noticed what are the criteria and how to prioritize them for the needs of equipping the country with the aircraft whose main purpose is to protect air traffic and intercept the aircraft that violated the airspace.
The small area of the Republic of Serbia, and unusual, elongated form of territory allow for a short flight time over the territory and a simple and rapid airspace violation (Petrović, 2013) . Therefore, it is necessary to determine which criteria and attributes of criteria are significant for the needs of equipping the country with the aircraft.
The general objective of this paper is: determination and evaluation of criteria and attributes within the determinated criteria for selecting the aircraft for the purpose of air traffic protection from the airspace violation and other aviation threats using the DEMATEL and AHP methods. This multi-criteria model consists of criteria and attributes that are significant for the selection of combat aircraft.
The above stated research objective gives rise to following general hypothesis: Using the DEMATEL and AHP methods, it is possible to determinate and to evaluate the criteria for selecting the aircraft for the purpose of air traffic protection from the airspace violation and other aviation threats.
The scientific and methodological contribution of paper is reflected in the new approach of determinating significant and eliminating less significant criteriaattributes for the needs of selecting system with special role. Also, the scientific contribution is reflected in increase of theoretical fund, which refers to the systematization of previous knowledge by the method of content analysis, and the gathering of relevant data about the criteria and attributes of criteria for the selection of the aircraft for the needs of conducting the missions during peacetime.
The practical contribution is reflected in the fact that in the paper the model was created that could improve the process of equipping the System of Defence with new equipment. Also, modification of the model (by changing of criteria) enables its application in cases of procurement a wide range of equipment for the needs of realization of various forms of human activity.
Materials and methodes
The research was carried out in three phases: identification of initial criteria and attributes (for selection of combat aircraft), determination of significant criteria and attributes of criteria (for selection of aircraft), and prioritization of selected criteria and attributes (Figure 1) .
In the first, all measures have been identified that enable selection of the combat aircraft by analyzing the contents of the relevant scientific fund (Čokorilo, Gvozdenović, Mirosavljević & Vasov, 2010; Kirby, 2001; Dagdeviren, Yavuz & Kilinc, 2009; Petrović, Cvetković, Kankaraš & Kapor, 2017) . The selection and conceptual evaluation of military aircraft characteristics by applying the overall evaluation criterion (OEC) was done by Mavris & DeLaurentis (1995) . The selection and evaluation of the criteria for equipping the Army with combat aircraft using the AHP method was done by Vlačić (2012) . The identified measures are divided into general and specific measures using the classification method (based on the level of generality). The general measures represent criteria, and attributes are specific.
Taking into consideration the number and different significance of the identified criteria and attributes it was necessary to eliminate irrelevant and to evaluate significant criteria and attributes. It was carried out using the questionnaire, the DEMATEL and the AHP method.
Based on these results, the model that provides a multi-criteria analysis of the selection of the aircraft for the air traffic protection from the airspace violation and other aviation threats was developed.
Figure 1. Algorithm of a multi-criteria selection of the aircraft
Using the questionnaire and contents analysis of literature, the criteria and the attributes of each criterion (initial criteria and attributes) for the combat aircraft were selected.
The following criteria are selected: A-aerodynamics and mechanics of the flight, B -construction and general systems, C -propulsion, D -avionics and sensors, Eintegrated logistics support, F -armament, G -reconnaissance equipment, Hconcept of pilot training and I -economy.
The initial attributes of criterion aerodynamics and mechanics of the flight are: A1 -weight, A2 -airspeed, A3 -acceleration performance, A4 -length of take offlanding, A5 -ceiling of flight, A6 -rate of climb, A7 -range of flight, A8 -maneuvering and stability performance, A9 -ability of supercruise and A10 -reaction time.
The initial attributes of criterion construction and general systems are: B1 -wing mechanization and flight control system, B2 -obstacle avoidance system, B3 -GPS terrain-following, B4 -voice command system, B5 -oxygen system, B6 -radar crosssection and infrared signature, B7 -potential for modernization, B8-durability, B9 -ability of aerial refueling and B10 -possibility of ejection of pilot's seat.
The initial attributes of criterion propulsion are: C1 -reliability and maintainability, C2 -maximum engine's thrust with afterburning, C3 -maximum engine's thrust without afterburning, C4 -thermal emission and C5 -maintenance system.
The initial attributes of criterion avionics and sensors are: D1 -radars and other sensors, D2 -communication equipment, D3 -fire-control radar, D4 -electronic warfare equipment, D5 -multi-function display, D6 -navigation equipment, D7 -multimedia link.
The initial attributes of criterion integrated logistics support are: E1 -reliability of aircraft, E2 -convenience of maintenance, E3 -maintenance of aircraft, E4 -maintainability, E5 -ability of maintenance staff, E6 -maintenance equipment and E7 -infrastructure.
The initial attributes of criterion armament are: F1 -capacity of locations for mounting armament, F2 -variety of armament, F3 -standardization of armament, F4 -number hardpoints of armament, F5 -under-fuselage hardpoints, F6 -possibility of using armament, F7 -safety work with armament on the ground, F8 -air -to -air missiles and rockets, F9 -bombs and other air -to -surface armament and F10 -guns (cannons).
The initial attributes of criterion reconnaissance equipment are: G1 -possibility of reconnaissance in different weather conditions, G2 -sensors range, G3 -dataprocessing of reconnaissance information, G4 -data-processing of reconnaissance photos and G5 -data-processing of reconnaissance video.
The initial attributes of criterion concept of pilot training are: H1 -pilot training abroad, H2 -individual training, H3 -collective training and H4 -simulators of flight.
The initial attributes of criterion economy are: I1 -acquisition cost, I2 -life cycle costs and I3 -aircraft disposal costs.
From initial criteria and attributes, the determination of criteria and attributes for the selection of the air traffic protection aircraft was preformed using the DEMATEL method (Moghaddam, Sahafzadeh, Alavijeh, Yousefdehi, & Hosseini, 2010; Sumrit & Anuntavoranich, 2013) .
By applying this method (Decision -Making Trial and Evaluation Laboratory), based on the determination of direct and indirect influences between each criterion (attribute) on each citerion (attribute), criteria, which mutual impact on other criteria being less significant, were eliminated (Moghaddam et al, 2010) .
Each of the respondents (45 specialists -military pilots and officers of the aviation -technical service) indicated the degree of direct and indirect influences between each criterion on each citerion and each attribute on each attribute of the criterion using the questionnarie. This step was done according to DEMATEL method (Sumrit & Anuntavoranich, 2013) . Pairwise comparison was done as follows. The value of each pair is ranked by a number whose value is from 0 to 4 (0 -no influence; 1 -low influence; 2 -middle influence; 3 -high influence; 4 -very high influence) The assessment of each respondent is shown by a nonnegative matrix nn  (for criterion 9 n  ). Each element of the k-matrix which is calculated by the equation 1 is a non-negative number k ij x , where is1 km  .
represent individual preference (pairwise comparison) matrices of the respondents. The diagonal values are 0 because there is no influence between same criterions (Sumrit & Anuntavoranich, 2013) . By calculating the means of the individual gathered values, a matrix of direct influences was created (Table 1) . In the second phase, the normalization of the matrix of direct influences is calculated using the following equation:
D -Normalized matrix of direct influences, X -Element of the mean value matrix of estimation of mutual influence. Each element of the matrix of direct influences of criteria is divided with the maximum value of the sum of the columns and rows of the matrix of direct influence and new matrix is formed -normalized matrix of direct influence of criteria (Table 2) . In the next phase, all the relations between each pair of the criteria are expressed by the matrix of direct influences. Elements of matrix of full direct/indirect influence of criteria were derived by the equation 3 and the matrix is shown in Table 3 .
T -Matrix of full influence, I -Unit matrix of influence, ij t -Element of the matrix of full influence. By comparing the values in the matrix of full influence of criteria with the calculated threshold value it is determined whether the criteria are significant or not. Namely, if all the values of one criterion are less than the threshold value, this criterion is not significant for the selection of the aircraft.
The threshold value is calculated using the equation 4 and is 0.232. By observing the obtained results it is concluded that two criteria (G and H) are not significant for the selection of the aircraft (Table 4 ).
In the same way attributes of selected criteria that are not relevant for the selection of the aircraft were eliminated (Table 5-11). The attributes A1, A4, A5 and A9 are eliminated. The attributes B2, B3, B4, B8 and B9 are eliminated. All attributes are accepted. The attribute E2 is eliminated. The attributes F5 and F9 are eliminated. All three attributes are accepted. The evaluation of the selected criteria and attributes of criteria was performed by the AHP method (the Analytich Hierarchy Process). The gathering data was carried out using the questionnaire which was adapted to scale of relative importance (Saaty, 1980) . Using the standard scale, each element of comparasion ij a of matrix A can get one of 17 numerical values from a discrete interval [1/9, 9]. Prioritization is conducted using the eigenvector method -EV (Saaty, 1980) . The criteria and attributes of criteria are pairwise compared by respondents. By calculating the mode of the individual gathered values, a pairwise comparison matrix was created (Table12). Based on values from the pairwise comparison matrix, a normalized pairwise comparison matrix was calculated by the equation 5 (Saaty, 1980) . It can be noted (Table 14) that the highest weight value in the selection of the aircraft for air traffic protection has the criterion of aerodynamics and flight mechanics (A), while the lowest weight value has criterion propulsion (C).
Checking the consistency of the results was tested by the consistency ratio applying the following equation (Pamučar, 2017) :
Where is:
CI -Consistency index. RI -Random index, which depends on the number of rows -columns of the matrix n (Pamučar, 2017) . For example, if
then the result is consistent. In this case, the consistency ratio is 0.055 and it is lower then 0.1, so the result is consistent (there is no need for corrections of the comparison).
The weight values for attributes are determined in the same way. Weight values for the attributes of each criterion are shown in the following tables. 
Results
On the basis of the first two phases of the research, less significant criteria and attributes are eliminated. These criteria are: reconnaissance equipment and concept of pilot training. In the same way attributes of criterion aerodynamics and mechanics of the flight are eliminated: weight, length of take off -landing, range and ceiling of flight and ability of supercruise. Eliminated attributes of criterion construction and general systems are: obstacle avoidance system, GPS terrain-following, voice command system, durability and ability of aerial refueling. Also, attribute convenience of maintenance of criterion integrated logistics support is eliminated. The following attributes of criterion armament are eliminated: under-fuselage hardpoints and bombs and other air -to -surface armament. Other attributes of selected criteria are significant for selection the air traffic protection aircraft. Their determination was the objective of the first part of the research.
Determining differences in significance between criteria and attributes of criteria was the objective of the second part of the research (using the AHP method). Prioritization of the criteria determined that the most significant criterion (Table 14 and Figure 2 ) is aerodynamics and mechanics of the flight (rank 1, weight 0.321), while the least significant is the criterion propulsion (rank 7; 0.057).
Attributes are also evaluated by prioritizing. The the most significant attribute of the criterion aerodynamics and mechanics of the flight (Table 15) is reaction time, and the least significant attribute is acceleration performance. Furthermore, for criterion construction and general systems the most significant attribute is wing mechanization and flight control system, and least significant is oxygen system.
The most significant attribute of the criterion propulsion (Table 17) is maintenance system and the least significant attribute is thermal emission. For the criterion avionics and sensors the highest weight value (Table 18) has fire-control radar and the lowest weight value has electronic warfare equipment. For the integrated logistics support the most significant is reliability of aircraft and the least significant is ability of maintenance staff (Table19). The air -to -air missiles and rockets are most significant for the criterion armament and the least significant attribute for the same criterion is capacity of locations for mounting armament (Table 20) . Prioritization for the criterion economy is determined (Table 21 ) that highest weight value has acquisition cost, in the middle is life cycle costs and the lowest weight value has aircraft disposal costs.
For each weight value calculation, the consistency of the results was checked. Since all consistency ratio were less than 0.1, it is concluded that there is consistency for all results of prioritization.
Considering all aforementioned, it is concluded that the objective of the research is achieved and the general hypothesis is proven and the model is proposed (Figure  2) . 
Discussion
On the basis of the results it can be concluded that there are criteria and attributes which are significant for equipping the Army with the combat aircraft (Vlačić, 2012) , but which are irrelevant in peacetime for the purpose of air traffic protection in the case of airspace violation.
For example, the most significant criterion for the combat aircraft is aerodynamics and mechanics of the flight, but also because of the multi roles, very significant is criterion reconnaissance equipment. The need for equipping two or three squadrons with the combat aircraft is the reason for the significance of the criterion concept of pilot training. Despite the aforementioned, the criterion economy is less significant for equipping with the combat aircraft than in the case of equipping with the air traffic protection aircraft (Vlačić, 2012) . This difference as well as the difference in the significance of the selected criteria and attributes is a consequence of the overall picture of the organization and functioning of air traffic over the territory of the Republic of Serbia. Small area, elongated form of territory, high frequency of traffic, geostrategic position, number of air routes, financial capabilities of the country, availability and classes of airports are only several factors that have an impact on the determination and evaluation of criteria for selecting the aircraft (for example, it is easy to notice that due to the form of the territory and the area of the country, the reaction time is very significant for aircraft -the time required by duty -aircraft to take prescribed measures on the ground after receipt of an airspace endagering warning, to take off to be navigated and to intercept an aviation threat). The differences in the significance of the factors are also a consequence of the fact the combat aircraft conducts a wide range of tasks such as: air-to-air combat, aerial reconnaissance, forward air control, electronic warfare, air interdiction, suppression of enemy air defence and close air support. These missions would be conducted by aircraft in extremely specific conditions. Therefore, for selection of the aircraft are significant the following four overall evaluation criteria: affordability, mission capability, operational readiness and operational safety (Mavris & DeLaurentis, 1995) .
It might be concluded that there are a lot of factors which impact on the determination and evaluation of criteria and attributes of criteria for selecting the air traffic protection aircraft. Also, those criteria are specific due to mission that is conducted by air traffic protection aircraft, although it is essentially the aircraft designed for use both in peacetime and wartime.
Conclusion
Air traffic is not immune to numerous security threats, including aviation threats. In the modern age, the possibility of occurrence of the airspace violation and other aviation threats is a reality. Therefore, the protection of air traffic from aviation threats is a very important security mission all around the world. In small countries, this task is conducted by their own aviation or aviation of some other countries. There is no doubt that for each country it is better to conduct this mission with its own aviation. It is also important to know that the aircrafts whose mission is to protect the air traffic from aviation threats have to meet the relevant international standards and technological criteria. Bearing in mind aforementioned and price of modern military aircrafts, the small countries usually make the decision to equip only a few aircrafts for the conducting of this mission. Therefore, it is necessary to determine very precisely according to the criteria of equipping, which depend on the set of factors mentioned in this paper and because of it precise determination and evaluation of the criteria for the selection of the air traffic protection aircraft on the example of the Republic of Serbia was the subject of this research.
For the purposes of this paper, traditional multi-criteria decision making methods are used and the model is proposed that can be applied in practice (and for the purpose of other countries that have simmilar teritorial characterics). By determining the mutual influence of the criteria (attributes) using the DEMATEL method, the final definition of the criteria (atributtes) and their weights are calculated by AHP. The applied methods, the obtained results and the proposed model make this research scientifically and methodologically justified.
Furthermore, it is possible to propose similar models for the needs of equipping the system of defence with other types of equippment. Above mentioned makes this research practical justified.
In the future research, it is possible to select a specific aircraft using some other the multi-criteria decision making methods (TOPSIS, MABAC, VIKOR, MAIRCA, etc.). Also, the models for designing certain technological solutions according to user requirements can be created. Furthermore, the application of similar models is possible for the purpose of implementing organizational changes in some organizational systems. Future research can also focus on the development of similar models using traditional methods in combination with methods that take into account uncertainty -fuzzy numbers tipe one-two or rough or interval-valued rough fuzzy numbers, intuitionistic fuzzy numbers, etc (Vahdani, Tavakkoli-Moghaddam, Meysam Mousavi & Ghodratnama, 2013; Sizong & Tao, 2016; Zywica, Stachowiak, & Wygralak, 2016 , Pamučar, Petrović & Cirović, 2018 , which would significantly improve the field of multi-criteria decision making.
